e T e

Sy T




Abstracts
H E

. Silieone Rubber-A. Perspectlve

BEWE—R2
CEBATERRNEREE, WA, MITE, HEKE, FEHNZRSNA. RATATHERRRELE. SR
MRS TR RH LA, ‘ o

" Silicone Rubber

R ' : ~
Re TRRRE TR LR, M T SMNEE E, ERRIRE THOREER. TR RYURERR, J65 18 T REME
HERBEH LA,

Elastoméres de Silicones Propriétés et Applications

BREOEESER
KPR T 20 EREEMBEMOER, XHE BRI T RRRNOEARE, t2T BB CREEL RN Nk, 2
R B R R AR R

HuNGTMHR ¥ MEXAHU3M ORMCAMTENbLHON [ECTPYHUWM MOMMAHMETHACHAOKCRHOBLIX HAy4yHOB

R_P RN E LR NE0HE _
IR FREGI T AR R AR AL 31 5 AN - B- B UL IR R R R A KRB,

030HHO® CTAPEHME PO3UH W3 CHAOHCAHOBLIX HAy4yKOB

B M E (L
STRPILT SRR BRI SRR T BARIE S G i RAVA AT R MR IAEL

BAuAHME CTPOGHHA CLIMBAIOUMX ArGHTOB HA MEXAHMUECKMO CBOWCTBA HEHANOAHOHHLIX CHAMHOHOBLIX KOMRO-
SHUWA, BYAKAHWM3OBAHHBIX MO POAKUWM ““oAMNPUCOBLUHEHUR" ‘
FEEM L= % S D0 TR (L B AR HLIR 1 HE B0 I R
SR T TLRIELA EEE N TR NORR AL P a0, PIER N TR RN RBON RSB BRI B, BRI

H: MRAALESR STH XN, P B R T R B B A R BB L = R B TR R SRR R BRI AF
-tk 73 ' '

O npoyeccax, NPOTERAIOUMX B KPEMHUAOPraHUUECHMX KOMMOHUMAX, BYAHAHU3YEMBIX Braroi BOsAyxa

TS h kP HRTRLHERR LR
BB R AR R AL RTV B 25U A MR P L MRALR RLAE T 300, S T ER MR TR RS
oA, AT AR R R AR A R R AL R B HIE

BAMAHO CTPOGHHA OPTAHOCHAMNOKCHMHBIX CIIMBAIOWMX areHTOB Ha CHOPOCTb OTBEPHJGHMA CHAOKCAHOBbIX
KayyyKOB ¥ (DH3HKO-MEXaHWYECKME CBOWCTBA BYAKAH43aTOB
B HURE IS 25 # % G sk 4 33 T RO R (L S By 2R LA 44 RE B9 T R

SCRE AR B MR R (G RBE 1L R WAL R A B LB MBIk T HLRE IS R BRAL I 45 EFRIEMEN S B AR
R Loy R ITH R,

WEE> ) = —v 2 EHW
38 R A R

N BRBEERRORETE, 8 100 HTRRIMERRHIA 5~30 2GR BORMETE, RICHI_FTRICE
BB R S 5 R M R R AR G L B,



Thermoplastverstirker Sillankautschuk Eigenschaften und Anwendun gsgebiete

b did 2op Foloted Lodiolid ododhod. |
ZR—FNSHE N, SELNESRSMITHES, AHERAT 5EW.EBME, TR, B ERRRERUE
ERE.

TLREROBERE

R B S B0 B O
AXRABORCERREZIS. Bk, BEXNTA-SRUSSIHD. HRBEEREBNHERRS DCP &R, 1
150 kg/em? FFJMEMIR, 2mm EATROR, FAE 100°CHT 10 43 BVS HZE KIS, MK 500% , ZERRBR IR T4 200°C 4t
Fim#% 80 43 6h, BRI 186kg/cm2; KN 1005 HIPE

Reinforcement of Silicone Rubber By Particulate Silica

AR B 5% MR WA
BAARTEN URARREEATAE, HAFRARREASERRRE 2 ANREAEA, LBRRBATE S RBREN
T, 45 RO E A PR ARSI SR, S48 H S P 0 O R B U B A48 T FT LA B A

Process and Compositions of Rubber Vuleanizates Wirth Silicone Polymerizates

RBRDERSYN T FRAS
ST BEERER BRI AL SR SR LR RS, TR BRAL RO B 68, AL RS RIET 400%,

High Strength Organopolysiloxane Compositions

BEARBREERARY

ALTFIR FARERE BERENBE Z M BRI, ER B RB T IR0 4 FRTEL, BB T4 B0 FAY:
BA T0AF/EXN? HEKE 1000%,
BE 28 iR EE 26.8 AfT/H¥K

Novel Organofunctional (ketoximino) Silanes & Room Temperature Vulcanizable Gomwslﬁom Con=-
taining the same

FERNERMARD ERZ S AREROZBRLETRBEANR
AT ERZRIBE BB AR BRI U RIS ERE R PR RO ERRAN ORI,

RERTMHTES GHEY ) =~ 2 ARY
PEASSWL S RRRREARY
R, - R R 2R, ST ZHRRBF R, RIASOHTUHLILN 50 BKis-TX,

Easier Faster Processing With Powdered Silicone Rubber

PR 55 G 0 P2 3 0 A i T ik 72

SRR T ARVEP M — R REER, 1 SRR, FURAERE, B R M LU RN T 454 454 38, T R SR
&D

Uber 'Herstellung und.Elgensehatten von heterogenen Ionenaustauschermembranen unter Verwendung
von Silikongummi

T R G F 3 340 T B B B
TR — TR RERIHURIE B BRI I B T 3 B 05 2 R S

Drucklose Kontinuierliche Vulkanisation von silikonkautschukprotilen

BB R R AL ’
AT RGBSR RN AMBRCIMRMAR R,

754 ~—HANY ‘
HRRSEMBAZSENBTLER ’

BREABFIERD: ROCPER-IIR)100, 8 0.1 ZHE/Si R(TFREZHE) A 50, ZHE=(a-FREZWAL) B
#% 80, B 2, 13K 600, SPIRY 200,
A AL AT W 260°C,



v ) 2 REEME L~ ) v rH
BEXREARTHMN

RATB T RARMBRFIRNSEHRT I, RANETREHZRECHERRRENRRTFORY, RENBRYS, 3#
BT BARANERBEMELNS.

EAm#Es ) = —> 2O

=R R o
ﬁ%~#m§l&ﬁ?ﬁ1*ﬁm%%%ﬁm%ﬂmiﬂlw&t&.

Low Modulus Room Temperature Vu'eanizable Silieone Elastomer With Improved Slump Characteristies

RN E SN TRBREEN R IRER LSRRIk
AEFINBRBEEFHO TR REER D 2458, HmA i IENEENN, CH;=CHSIMe HERKEZR _PBPRES
Mgl RTV RRE, R EXBERNT:
Hisk e 4200 -8/ K
© k¥ 1650 %
REHEEE 15

Method of Preparing Conductive Room Temperature Vuleanizine Material

EHSRERRLHAHNTZ
NA—HAHMERNSRZRRARIRE, 5 BIRA S RIERELRNEHTRETESN SRARZRN, AP TREN
BN AR RE,

Silicone Pressure Sensitive Adhesives & Tapes '

AUNEEMBRENEREH
SRR Z SRR E W H OO E BN, BRI MREATR SRR AR SR RRE B 2.4 WU BAR, 5
AR ERITETS AR R e M RIRIN 5,

Mcnonb3oBaHHe CHAMKOHOBLIX RAYUYHOB M Pe3H [AAA KOHCTPYMPOBAHMA NIGHAPCTBOHHBIX ¢0pl

E A
AXFAANERBERTEBRMERARSRBEZMA. BRESTFRE _RE (CHE) #5%, M5k CKTH $¢ 1
BRTHR.

Elastomeric Materials for prosthetic Heart Valves

Pl BE IR OE PO A AR BE Y
ﬁ:ﬂ&&&,~ﬁﬁﬁ§&&&~ﬁ%#&#uﬁ&ﬁﬁﬂ%ﬂwﬁho%%ﬁ%»xaﬁwﬁﬁé?&ﬁ&,ﬁ&?i#
B, RARBSIET HIE, TEERMBIER AR, TEELENEA A,

Rubber & Medicine: The Beat Goes on

il R PO EE R 0 R SRR B T &

AR T — SRR AR AR LA R KR ARG, (R AR 0BT Eﬁﬁﬁ?&#&&'uﬁ%ﬁﬁgﬂ%ﬁﬁ
R, URERBRATLRY R FRERTREENAIEE,

Development of Blood-Compatible Elastomers-Surface Structure & Blood Compatibility of Aveothane -
Elastomers . _
X i itk % FOHE M ¢k 89 42 -Aveothane MW kM RWEH S K MK FF0E

NR—-FHERLRERE Avcothane TRRREMR_SERFEOMKIARY, ECHARLALENMATRAR TR
A sEd, AEAeM AT X3k EERAT OMEREE, REAEBOMERY,

Blood Compatibility of Silicone Rubber Chemically Coated With Cross-linked Albumin

2 REER B B 1k 5 Sb T B9 R G RE 00 i i SR FO 1
N B—RMFOBRXHBARCLLBOERREXA AR, SENS LU TEBRREERLAR, JRRF. &8
H— B R S SR U LR R B RE R AT 8

Shear-Induced Hemolysis With Commerecial & Glow Discharge Silicones

0 A T o 2% B ) M R S U 60 R M 4 W 3R

fEEX 14 AR P EREREMEET TIHOSERT, SREW ASRRERRSRIHMALL, HELELE, R
REEEK 80% AT AR HIA M B d IR Z A 10~280%.



Prefabricated Silieone Subdermal Mandibhular Implants Observations & Problems Related to Tl}eir Ap-
plication
W B T A 6 RE MR BB 14 B B MR B A A 5

TR BTN AT R SR 2 704 4 D, J‘Xﬁﬁﬁi%%lﬂ?ﬁﬂﬁ&ﬁlﬁﬁﬁﬂmzb{’?ﬁﬁ&. pe 2Py T
BORRKBEENATREER. 3MMET 30 BltkRE, APANRD, BHAK. BERENIRERRISTERN.

The Biostability of Silicone Rubbers, Polyamide & a Polyester

BHRE, AR RES W
REB B DRRHLESHARTENUHEARCERR, —HERRCERRURR L IRNE-FRZ 8
ﬁ&i%ﬁﬁ&ﬁﬁnmﬁ.#ﬁ%ﬁﬁﬁ&%ﬂiﬁﬁ%ﬁﬂﬁ#?ﬂﬁ.XiﬁﬂﬁTﬁ%mWﬁnﬁ&. '

In Vivo Tissue Reactivity of Radiation-Cured Silicone Rubber Implants

F$ O 41 0% B 000 N 4k ) 4L 4 2 B
EXRERREAARNOLEREY, BRRARERNRL TOAAREEL AR BATORBERRE, XRENRHT
BARAFRENERRACERANHETE,

Safety Aspects of Silicone Polymers Used in the Medical Profession

ERATERSWH LSO
RRES AR MRS EBAT BN, EERRSMOR LHFERN, KB DhREA A R A G A
AR RS TR AR,

Economic Wire & Cable Construction With Silicone Rubbers

SFNERRAR0B R EE
MRS ERMR AR SR AN T Z MRS, BN LSRN TRLSHR T EETHI, HAEH
WREA T ZATRRBRENMANRE. BRSUR T BRI LA S o i DI N 5 % R IR 06

Silicone Molds “Save’ Seulptur

BERENBETEZSRAKRIEE
RERB A R ENFR R 2 — AXABERT ERBONIAE,



CONTENTS /
B x |

General Review
R it

Silicone Rubber—A Perspective ....ceeeeeeeesiecornerseeconsnn eesan e con soe e ses s0e son cen as cerenennee aen ser e ene 3
Rgp—RE2
B. L. Warrick (Rubber Chemistry & Technology, V. 49, N. 4, p.909-934, 1976)
. GiliCOME RUDDEE .uveeeuvevenone e sueaee sovers ane vsees con ave aus ses ses sve ven ses sus sos son 00 s0s a00 200 aes sus ses sosses sne ansses ees 3] 1
RERAL v
D. Hardy (Engineering Material & Design, V. 20, N. 8, p. 13-15, 1976) ,
Elastomeres de Silicones Propriétés et Applications ... e s ceeeesssesescessos sopsenenssne senavssuesansneacesns 36

R BB MERE S5 F
D. Hardy (Plastiqgue Modernes et Elastoméres.‘V.'ZS, N. 2, p. 78-82, 1976)

Theoretical Research & Mechanism
Rt RWENS

Kunerura m MexammaM OKKQJIKTBJII:HOﬁ nec’rpyxnun OONHNAMETHICHIORCAHOBHX KAYIYKOB eceeeeeee 43

e I 2R R R 00 AL e R 3D 1 R L
3. b. 3ennanos, B. ®. llenanos un np. (Joxaadw Axademuu Hayx CCCP, . 224,
Ne. 4, crp. 862-865, 1975) ‘

O30HEOEe CTADEHHE PE3UH H3 CHIOKCAHOBHX KAYTYKOB creceesee voons ornvor sonsne ars sns snvnr

BB E L | |
J1. C. ®easnmrenin, JI. E. Hoan u np. (Kayuyx u pesuna, Ne, 2, crp. 26-29, 1976)
BarsiEHe CTPOEHHA CIIMBADINMX AreHTOB HA MEXaHHIECKHE CBOACTBA  HeHANONHEHEHX cmay-

. ‘51

o0 000 creven eos con aon 47

KOHOBHX KOMIO3MINEY, BYJKAHH3OBAHHHX MO pPEaRUHH ((nonnnpncoenanenna)$...... s vens
RBRFIEH TS MRE" RCERBRIREROER

U. A. Maxapenxo, E. B. Xopomnnosa, u ap. (Keysyx u pcsuua Ne. 8, crp. 20-22, 1976)
O mpomeccax, TpOTeKANINHX B EPEMHHAONraHUYECKHX ROMIOO3HXHUAX, BYIRAHH3YEMHX BJAroRk

BOBAYXA wvversenes vesove et sed el eue ang sae sus see sus sss aus s0n ssne sesen sonben aue suenerees 55 |
f%ﬁﬁ‘ﬁeiqﬁmﬁ'ﬂ EHEB‘JE%&B’LEZME
B. B. Cesepuun, E. U. Mrrckep u np. (Bucoxomorexyarapuse coeduxenus, t. 19.
Ne. 1, erp. 37-42. 1977 | '

B.vmsmn_e CTPOCHHA OPraHOCHAHJAOKCHMHHX CUIABANINNX Ar€HTOB HA CKOPOCTH OTBEPXKIECHUA

CHJIORCAHOBHK KAYYYKOB H dm;nxo——uexannqecum cBOACTBA BYJKAHM3ATOB coecasseeseccncsercences §]

A HURE 15 45 HURY R RUBEIE 38 BRI L B R LR B O W i
B. B. Ceseprn#t, E. 1. Munckep u np. (Kayuyx u pesuna, Ne. ‘12, crp. 9-11, 1976)

- i



New Products
w 2 ®
WREL Y- T 2EARY

BRERRBARY
PHBE (AFEHFAREZEUHNIEIRS W 50-61450)

Thermoplastverstarker Siliankautschunk Eigenschaften und Anwendungsgebiete .......ce.ueerane..

P BN B R BB A0 MR SR RORL FITE
K.Marquardt & W. Keil (Gummi, Asbest, Kunststoffe, ,30 Jahr., N. 2, p. 76, T8, 80,
82, 84, 197D

Properties & Modification
ft % T &

BERHSNEETE
(AFHHFLRE2FEBNNRIXS  # 51-144473)

Compounding Ingredients & Compoundings
E &N 5RES&

Reinforcement of Silicone Rubber By Particulate SiliCa... ... oeeeesceeoes e ceevoeennors oo oos coosen
FAMRLT B % RINREERRY
" B.B.Boonstra, H. Cochrane, et al. (Rubber Chem;stry & Technology, V. 48, N. 4,
p. 558-576, 1975)
Process & Compositions of Rubber Vulcanizates With Silicone Polymerizates ...
RILBRMERSHNIFRAS
(U. S. Pat. 3, 789, 050)
High Strength Organoplysiloxane Compositions.......
RAEA R REERY
(U. S. Pat. 3, 957, T13)
Novel Organofunct:onal (Ketoximino) Silanes & Room Temperature Vulcanizable Compo-
sitions Containing the Same ........

FRANEREBE EERAHF X B‘Jiiﬁﬁifhﬁ%)&@%

(U. S. Pat. 3,962, 160)
BEASMRUTELZSHEEL Y 3 -2 T L 45D
HEAZSHELSHERRARY

FHRE (AFRHFAREZEUHIEIRS W@ 49-3395D)

esc coe con soe see

cveneenes 67

cer T3

.o 81

eeeee 88

-+ 107

seeuee 109

ceesee | I()

veeee 129



Processing
o I

Easier Faster Processing With Powdered Silicone Rubber......cccccicvvueennene vreeue een sen sne ave sen see vee 134
BB EERBABNEMT SR '

J. W. Swanson, J. T. Leitcht, et al, (Plastics Engineering, V. 31, N. 8, p. 4447, 1975)
Uber Herstellung und Eigenschaften von heterogenen Ionenaustaustauschermembranen unter

Verwendung von SiliKONZUMMI ... ee. vereessen aee eue seens sen aes avs es a0t one as ans ses aes 20s ane s2e aue ase aes sas sen ave 130
BERBN T RMR Nk

H. Kaden & A. Mébius(Plaste und Kautschuk, V. 23, N. 8, p.575-577, 1976)
Drucklose Kontinuierliche Vilkanisation von silikonkautschukprotileh’ ees ave ooe sas oas ave avs aee sus oo aseans 143
BERBHSNEER SR

(Gummi, Asbest, Kunststoffe, 29, Jahr, N. T, p. 454-455, p. 1976) _
&ﬁ&%ﬁﬁﬁﬁ%bmwﬁﬁﬂﬁﬂ

REERE (ATHEFAREZEERNEIXS ) 50-111130)

RTV Silicone Rubber & Silicone Elastoméqic Adhesives & Sealants
KRBT ERE: SE RN S

DRIEREE -2 5 E BRI EZE s Sy e PRI SRRPRPR 1., 8
BE R T R E H A

£Fik (AAREEHSE, V. 12, No. 11, p. 431-440, 1976)
iiﬁmm& YA =V TADFE e, R L R L B [ %
218 R (LR R 8 Bl '

FFARE 2=UBIE 3 Xa M 49-3809T)
Low Modulus Room Temperature Vulcanizable Silicone Elastcmer With Improved Slump

Characteristics v e ees eur Se4 tas ses aas tat ete bt ses cet tuese eus ate as 2ee sus anane ave ees ses 2es 16O
T |

(U. S. Pat. 3, 996, 184)
Method of Preparing Conductive Room Temperature Vulcanizine Material ......cccceueeieereeveecnn e 179
i S i IR WL AR Ty 2k

(U. S. Pat. 3, 968, 055)
Silicone Pressure Sensitive Adhesives & Tapes .......ce vt i vt ier e et ieniac e s e et vt cr et cen vt e e e 185
FHURE B SOBOM R B R

(U. S. Pat. 3,929, 704)

Silicone Elastomeric for Biomedical Uses
B A & % % #

Hcnonbiobarne CEANKOHOBHX KAyUyKOB M PE3UH NAA KOHCTPYHMPOBAHUA JEKAPCTBEEHHX QOpM...... 195
BERRAERK
JI. M. Muxauaosa, II. B. Jlonaunx u np. (Xumurxo-gapmayeemuuecwul »xypuai.t, 9,
Ne. 3, erp. 22-28, 1975)



Elastomeric Materials for Prothetic Heart VAIVES ....cceeeeieeieeescrnaen oo convee son oes son soe sue sne

BELBE/NER (8 R RO M bt

R. Van. Noort, B. Harris, et al, (Plastics & Rubber: Materials & Applications, V. 2,

N. 1, p. 7-10, 1977) _
Rubber & Medicine: The Beat £0S 0f..c.ueveueceecrers e caecue ven aee cue eus von aus sus soe so ons ous

Wi B R H OB KBS T &
D. Plunkett (Rubber World, V. 173, N. 6, p. 29, 32-33, 1976)

800 ace sev ses e

....203

Development of Blood-Compatible Elastomers: Surface Structure & Blood Compatxbxlxty of

Avcothane Elastomers ......... eevenen

MmE R ERRER, Avcothane #Eﬁkﬁﬁﬁﬁ“ﬁs#m#&%ﬁlﬁ

E. Nyils & R. S. Ward (Journal of Biomedical Materials Research, V. 11, N. 1,

p. 69-84, 1977)

Blood Compatibilty of Silicone Rubber Chemically Coated With Cross_-Linked Albumin .....

SR BEA R P NRERK A M E Y

"~ G. Guidoin & John Awad (Biomaterials, Medical Devices & Artificial Organs, V. 4,

N. 2, p. 205-224, 1976)

Shear-Induced Hemolysis With Commercial & Glow Discharge Silicones.......oeome oo ver voeserinennss

TR W e 2 000 B Y 0 0 B AL B S it e R AT

F. Stevenson & M. C. Williams (Biomaterials, Medical Devices & Artificial Organs,

V.5, N. 1, p. 67-96, 1977)

Prefabricated Silicone Subdermal Mandibular Implants Observatxons & Problems Related to

Their Application .........
ARZTHHER Wﬁﬁ&ﬁﬂ#)ﬁm xﬂﬁ&ﬁ—f{nﬁ

00 000 000 000 000 sas s0e

B. Habal & V. A. Chalian (Journal of Biomedical Materials Research, V. 10, N. 4,

p.529-536, 1976)
The Biostability of Silicone Rubbers, Polyamide & a Polyester .....ccuviiseevns
ERE, —FRERN—RENERRER

soe sesae

® 000 000 000 200 00

® 800 000 000 000 000 naa ase

000 see soe

E. Roggendorf (Journal of Biomedical Matérials Research, V. 10, N. 1, p. 123-143, 1976)

The Vivo Tissue Reactivity of Radiation-Cured Silicone Rubber Implants .........
C RESRENERREEENARRS

ees ese see e

H. Gifford, E. W. Merrill, et a/, (Journal of Biomedical Materials Research, V. 10,

N. 6, p. 857-865, 1976) v ,
Safety Aspects of Silicone Polymers Used in The Medical Profession .............
BRAANERSHNRLAE

S. Carson, E. 1. Hobbe, et al, (Polymer Preprints, V. 17, N. 1, p. 17-22, 1976)

Applications (Other than Medical Uses)
BER@AUD

Economic Wire & Cable Construction With Silicone Rubbers e e oveoee oo oon oo
LT R AR K

DETTRYYY

D. Hardy (Furopean Rubber Journal, V. 157, N. 10 p- 16,19, 22, 40, 1975)

- ovi -

LITR TS

oooooo

- 207

211

w227

- 247

271

- 285

307

v 317

v eer 325



Silicone Molds' Save *Sculpture ... ... e e see oo ves ces sesuer er oos con sae sse cas sos ses ses soa ses sue ss0 a0 ses on 000 329

ERERMGBTHESARARARN R
(Rubber World, V. 175, N. 4, p. 48, 197D

* vij .



‘General Review







SILICONE RUBBER—-A PERSPECTIVE*
E. L. Warrick

Dow CorniNG CORPORATION, M1pLAND, MicHIGAN 48640

It is indeed an honor to have been selected as the Charles Goodyear Medalist
in the Bicentennial Year 1976. Previous medalists have truly made the award
internationally known. To join their ranks is a double honor, for it is the first
time you have recognized work in the area of silicone rubber. Clearly you
recognize not only my work, but that of coworkers and many others in the
field who have made silicone rubber important far beyond its volume of usage.
“Bilicone Rubber-—a Perspective’’ is my effort to report on my work and that
of others in the perspective of a rapidly developing field of synthetic rubber.

INTRODUCTION

The importance of silicone rubber lies in its ability to serve under severe
environments where nothing else will function or in its ability to function more
reliably in less stringent environments. Simple price economies usually do not
favor silicone rubber, for it is higher in price than all but the exotic new rubbers.
However, use economics, the service life per dollar, is quite favorable. More-
over, silicone rubber is one of the very few materials whose price has declined
steadily over the past twenty years. Beyond economic and functionsl impor-
tance is the area of use in medicine and surgery where the value in terms of
life and the quality of life cannot be measured. In perspective then, we will see
that the role of silicone rubber in today’s world far outweighs its volume
usage—roughly 0.29, of all rubber.

DISCOVERY

Silicone rubber goes back about 32 years to the middle of World War II.
To place this in perspective it.is necessary to recall that silicone development,
as a new area of polymer research, was opened in the early 1930's. Dr. J. F.
Hyde began at this time to seek polymers between the then-known plastics
and glass at the Corning Glass Works. Dr. R. R. McGregor and I began
silicone research at Mellon Institute in late 1937. Other groups at General
Electric began in this period, but I will leave the whole history of silicones in
the hands of those who have already written of it'.

By 1940 our work at Mellon Institute had progressed to the point where
we installed a 20-gallon pressure autoclave to make dimethyldiethoxysilane by
an etherless Grignard method in ethylsilicate?. Andrianov® had indicated such
etherless Grignards were possible, but he had not made methyl-substituted
silicones. The hydrolysis of these esters gave us polydimethylsiloxanes, and a
few years were spent characterizing these materials and learning to polymerize
them. Looking back, it is easy to say it took too long, but one must reckon
with the state of polymer science at that time as well as with the lack of many

* This paper represents an expanded version of the Charles Goodyear Medal Address—

1976, which was delivered at the 109th Meeting of the Rubber Division, American Chemical -
Society, Minneapolis, Minnesota, April 27-30, 1976. :
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4 RUBBER CHEMISTRY AND TECHNOLOGY VoL. 49

TasrLe I
Topays LaBoraTORY T'ooLs NoT AvAlLABLE IN 1940

Routine ir analyses Dynamie viscosimeters

GLC Instron testing machines

GPC Computer terminals (Laboratory)
DTA Computer literature searches
NMR Atomie absorption spectrometry
ESR X-ray fluorescence

Light scattering MW Laser raman spectrometry
Scanning electron microscope Money

tools now regarded as vital to research. Table I lists a few of the instruments
now common in research laboratories which were not available to us in the
early 1940’s. Recall too that it was war time and priorities were needed even
for the magnesium for our Grignards, and red stamps for the edible stearates
for our thermostat fluid. I mention these things, not to elicit sympathy for ary
real or imagined deprived state, but to point out that without sophisticated
equipment or techniques, the whole study of silicones was an exciting adven-
ture. Frustrating it was at times, and often slow and thought provoking, but on
balance, it was deeply satisfying to find new facts in a totally new world. 1
wonder if today, surrounded by many new and powerful tools, the researcher
doesn’t miss the sense of real adventure.

The chemistry of silicones has been discussed many times, but perhaps it is
best to show on Figure 1 the polymers we will be talking about and the several
routes to their preparation. One begins as we did with methylalkoxysilanes or
with methylchlorosilanes and hydrolyzes them in water. The conditions, time,
and catalysts all have a bearing on how much “high” polymer forms with
hydroxyl ends and how much low polymer cyclics or linears with trimethyl-
silicon-substituted ends are present. Much time was spent in efforts to polymer-
ize the apparent “linear” polymer before one realized how scrupulously one
would have to keep out mono- or trimethyl-substituted silanes. Before long, it
was apparent that one could separate the cyclic low polymers by distillations
or indeed ‘“‘crack” the linear high polymer to cyclics with heat alone or with
catalysts such as strong alkali. The cyclics then became the preferred raw
material to prepare true high polymers for they were inherently free of mono-
and tri-substituted contaminants. I mention this search for a high polymer
before opening the curtain on silicone rubber as such, for it was clear even in
the state of polymer chemistry of the early 40’s that high polymers were
desirable.

To put this in perspective, one must recall that Corning Glass, Works and
Dow Chemical agreed to form a joint company to exploit silicones of all types
and Dow Corning came into being in March, 1943. While one of the major
objectives of the joint company was to develop insulation for small high-
powered electric motors, which Admiral Rickover wanted for his submarines,
the first product to reach a real use was the polydimethylsiloxane filled with a
small amount of fine-particle silica. This greaselike material was used in the
ignition system of planes flying the Atlantic to join the Battle of Britain to
prevent corona and loss of ignition, and ultimately loss of planes. At the time
of formation of Dow Corning, fluids, greases, and resins were available, but
no rubber was being made.
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In the course of many polymerization expériments designed to condense
terminal hydroxyl groups, we used boric oxide and quickly obtained a strange
high polyme¥. This “bouncing putty’’ was the precursor of silicone rubber and
judging from what frantic mothers later said when calling to learn how to
remove ‘‘Silly Putty” from their youngster’s hair, the title ‘‘curser” might
have been more applicable. This material was a fun polymer and was a different
aspect-of our adventure into the world of silicones. It was not a true rubber
but it really flowed like a putty and lacked any vuleanization mechanism?, We
later learnéd to say it showed rheopexy : solidlike under rapid stress but fluid-
like under slow stress. ‘

One more element was necessary before rubber appeared on the seene. In
mid-1943, the Bell Telephone Laboratories announced its new Paracon Rubber®.
This saturated dibasic acid diester was vulcanized with benzoyl peroxide. It
was clear that our saturated polymers also might cure with benzoyl peroxide.
Without waiting for a complete solution to the high-polymer problem, I set
about to try vulcanization of our low and intermediate molecular weight fluids.
It worked, and yet to get a sufficiently high ‘‘polymer” to mill and add fillers,
it was necessary to make a gel by crosslinking the low polymer with benzoyl
peroxide. This ‘‘crepe” rubber was then compounded with further bensoyl
peroxide and fillers. Vulcanization of this compound yielded a weak rubber—so
weak that many managers were not highly impressed. The time was December,
1943. _

The mechanism of this vulcanization was not spelled out in the Bell Lab-

" oratories’ work and it was some time before it was clear to me that it was a
free-radical ‘abstraction of hydrogen and the formation of an ethylene link
between siloxane chains. Filler studies and vulcanization studies occupied much
of my time in the year 1944. Ultimately, this led to my first rubber patent,
US 2,460,795, which issued in 1949%. Part of this long delay, some of you may
recall, was because many patents which were deemed to have significance in
wartime were placed under secrecy and only began to issue slowly after the
war. - .

While these studies to understand the weak rubber was going on, I worked

with another Fellowship in Mellon Institute, headed by Dr. E. E. Marbaker.
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His problem was to provide a coating for Navy resistors handling high power
levels and subject to rapid temperature fluctuations. Ceramic-coated resistors
cracked under the severe environment and in high humidities leaked. One of
our pastelike rubber compounds made from an intermediate molecular weight
fluid, titanium dioxide filler, and using benzoyl peroxide for vuleanization,
gave a coating which passed all the Navy tests.

While this was happening, General Electric was also working on silicone
rubber and they made a formal announcement in Rubber Age®, in November,
1944. The uses of the new rubber mentioned were as a gasket in turbosuper-
chargers for B29 bombers and as a gasket in Navy searchlights. The article
stated that new and unconventional methods of vuleanization were used, but
they could not be disclosed. Patents, which were issued later to General
Electric, disclosed methods of polymerization of hydrolyzates involving ferric
chloride?, of cyclics by ferric chloride!®, and even curing of the rubber by ferric
chloride'. The first mention of benzoyl peroxide as the vulcanizing agent was
in the patent by Wright and Oliver®, which issued in September, 1948. The
crepe rubbers used here were quite similar to those used at Mellon Institute in
that they were crosslinked prior to compounding and final vulcanization, the
only difference being that the crepes derived by G. E. were obtained using
ferric chloride polymerization of hydrolyzed chlorosilanes which contained
monomethyl- as well as. trimethyl-substituted silanes, and ours were from
benzoyl-peroxide gelation of intermediate molecular weight fluids.

The commercial rubbers prepared by these techniques had measurable
properties that might best be illustrated as in Table II, taken from data sheets
issued by Dow Corning in early 1945, These tensile strengths certainly are
low, as are the elongations, but, in the light of later knowledge on the effects
of polymer molecular weight and chain ends not a part of the network, one
could not expect high tensile strengths. The SC stocks prepared from fluid
polymers, filler, and benzoyl peroxide but not gelled, all were designed for
coating as for the Navy resistors or cloth coating for insulating tapes. The
trademark Silastic® began to be used with these first silicone rubbers from
Dow Corning. .

The year 1945 saw the first basic data on silicones released to the public.
Prior to this time, publications were largely use oriented and commercial
property listings. The Gibson Island Polymer conference invited both General
Electric and Dow Corning to send speakers to their summer conference. Dr.
Rochow spoke on his newly discovered direct process for the manufacture of
methylchlorosilanes from silicon metal and methyl chloride. This was a revolu-
tionary process which moved commercial production away from Grignard
reactions. This step forward benefited silicone rubber by decreasing costs and.
opened the way to large-volume production. I spoke at the same conference
on the characteristics of linear and cyclic low-polymer methylsiloxanes. The
knowledge of these materials was essential to the purification of eyclics as raw

TasLE 11
PropErTIES OF FirsT CoMMERCIAL Dow CORNING SILICONE RUBBERS
SR-73 SR-74
Tensile strength, MPa 1.31 1.44
Elongation, 7, 115 115

Hardness, Durometer 45-50 55-60




SILICONE RUBBER 7

TasrLe III
COMMERCIAL SILICONE RUBBER-1946
Stock number 150 160 167 180
Tensile stre , MPa 2.75 4.13 413 483
Elongatlo 300 200 110 75
Hardness, i)urometer 45-55 55-65 55-65 75-80

materials for high molecular weight polydimethylsiloxanes. These data were
later published® and were confirmed by similar data from General Electric
authors™,

Efforts to prepare high polymers from cyclics were continuing at Corning
Glass Works, Dow Corning Labs, and Mellon Institute. I can only surmise
from later publications that similar work was under way at General Electric.
A first step in improved high molecular weight polymer was the use of strong
acid or alkali on cyclic tetramer of dimethylsiloxane. While the conditions were
being worked out, a type of polymerization was run which yielded a pourable
polymer As this polymer remained at room temperature, it became more
viscous and ultimately it exhibited gel characteristics. At Dow Corning we
called these “K gels”. General Electric prepared similar gel polymers using
ferric chloride and, at a later date, sold them as SE 76 polymers. Both polymers
gelled because conditions during the polymerization were severe enough to
remove methyl groups.

These K gels made possible the first step in tensile improvement as we now
moved to the range of 400-700 psi., or in today’s units 2.75-4.83 MPa, with
elongations in the range of 75-3009,. These were the properties of a whole
new series of rubbers announced by Dow Corning early in 1946 (Table III).
The stock numbers were 150, 160, 167, and 180, and the fillers for these were
Titanox, Celites, calcium carbonate, and zinc oxide. Effort was made to
neutralize the polymenzatlon catalyst to avoid depolymerlzatlon later, under
vuleanization or use conditions. Since these were gels, it is not mgmﬁcant to
speak of a molecular weight, but the chain length between crosslinks was
greater than in the benzoyl peroxide gels.

An experienced rubber chemist will notice that none of these rubbers con-
tained carbon black—a common filler in his work. Carbon blacks were tried
quite early as fillers but, as it happened, an acidic channel black was used.
With benzoyl peroxide, no cure could be obtained and indeed, sheets from the
mill developed small crystals on the surface while awaiting molding. These
proved to be benzoic acid and told us that acidic channel blacks decomposed
the benzoyl peroxide. Later, as we became more familiar with carbon blacks,
we found that cures could be obtained with benzoyl peroxide if one used
alkaline furnace -or thermal blacks. Also, as we studied other curing agents, we
found that ¢t-butyl perbenzoate as a vulcanizing agent would yield cures even
with acidic channel blacks.

Effort was made to block the acidic functions of the channel blacks by
treating the filler with methylchlorosilanes. Treatments were obtained, but the
acidic blacks continued to prevent vulcanization. However, aging of any
vulcanized carbon-black-filled rubbers at temperatures around 200°C gave
poorer properties than those from simple inorganic metal oxides and carbonates.
Today, carbon black is used only for conductive rubbers and in other very
specialized uses.



